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 ,QWURGXFWLRQ
*UDSKHQH LVPDGHRIFDUERQDWRPVWLJKWO\SDFNHGLQWRDWZRGLPHQVLRQDO 'KRQH\FRPE QRQEUDYDLV ODWWLFH
1RYRVHORYHWDO +HUH HDFKFDUERQDWRPLVERQGHGLQWRLWVWKUHHQHDUHVWQHLJKERXUVE\VWURQJVS ERQGVZLWK
D ERQG OHQJWKRI c*UDSKHQH LVDSURPLVLQJPDWHULDO IRUZLGHUDQJHRISRWHQWLDODSSOLFDWLRQV ,WKDV D ODUJH
WKHRUHWLFDOVSHFLILFDUHDKLJKPHOWLQJSRLQW KLJKPHFKDQLFDOVWUHQJWKRXWVWDQGLQJHOHFWULFDOSURSHUWLHV=KXHWDO
XQLTXHRSWLFDOSURSHUWLHVKLJKWKHUPDO FRQGXFWLYLW\%DODQGLQHWDO HWF *UDSKHQHKDVH[WUHPHO\KLJK
FU\VWDODQGHOHFWURQLFTXDOLW\*HLPHWDO ([SHULPHQWDOVWXGLHVRQ PRQROD\HUJUDSKHQHVKHHWKDYH SURYHQLWV
H[FHOOHQW WKHUPDO FRQGXFWLYLW\RI :P.ZKLFK LV PXFKPRUH WKDQ WKDW RI DQ\RWKHU NQRZQPDWHULDOV
0RUWD]DYLHW DO %HFDXVHRI LWVXQLTXHHOHFWURQLFSURSHUWLHV DQGVHPLPHWDOOLFFKDUDFWHU LW FDQEHXVHG LQ
ILHOGHIIHFWWUDQVLVWRUV JDV VHQVRUVIOH[LEOHHOHFWURQLFVDQGQDQRFRPSRVLWHV0LORZVNDHWDO
([SHULPHQWDOO\FDOFXODWHG HODVWLFPRGXOXVRIGHIHFW IUHHJUDSKHQHVKHHW LV UHSRUWHGDV 73D /HHHWDO
E\ QDQRLQGHQWDWLRQH[SHULPHQWVXVLQJ$WRPLF)RUFH0LFURVFRSH 7KHKLJKO\RUGHUHGGHIHFWIUHHJUDSKHQHLV
FRQVLGHUHGDVRQHRI WKH WKLQQHVWPDWHULDOVDQG LWVKDUGQHVVH[FHHGV  WLPHV WKDQ WKDWRIVWHHO 0RUWD]DYLHWDO
,WVHOHFWULFDOFRQGXFWLQJHIILFLHQF\ RXWSHUIRUPV&RSSHU,W LVTXLWHZHOONQRZQWKDW WKHGHIHFWVLQPDWHULDOV
PD\DIIHFW WKHLUSK\VLFDO DQGFKHPLFDOSURSHUWLHVGUDVWLFDOO\ ,QJHQHUDOH[SHULPHQWDOO\SUHSDUHGJUDSKHQHVKHHWV
KDYLQJVRPH NLQGRILPSHUIHFWLRQVDQGGHIHFWVPD\ H[LVW LW LVVLPLODUWRWKHRWKHUNQRZQPDWHULDOV%DQKDUWHWDO
 7KH XVXDO GHIHFWV REVHUYHG LQ JUDSKHQH DUH SRLQW YDFDQF\ VWRQH ZDOOV HWF )RUPDWLRQ RI DQ\ GHWHFWDEOH
FRQFHQWUDWLRQRI SRLQW GHIHFWV LQ KLJKO\ VWDEOHJUDSKHQH VKHHWV GRHVQRW RFFXUEHORZ LWV PHOWLQJSRLQW7KHUH DUH
PDQ\ILUVWSULQFLSOH VWXGLHVDQGH[SHULPHQWDOVWXGLHVRIJUDSKHQHKDGEHHQ SHUIRUPHG(YHQWKRXJKWKHVHPHWKRGV
JHQHUDOO\JLYHPRVWDFFXUDWHUHVXOWVWKH\FDQQRW EH DSSOLHGWRSUREOHPVZKLFKUHTXLUHPXFKODUJHUV\VWHP VL]HVRU
ODUJH VLPXODWLRQV6HNNDOHWDO$WRPLVWLFVLPXODWLRQVXVLQJHPSLULFDOLQWHUDWRPLFSRWHQWLDOVDUHHIILFLHQW WR
FDOFXODWHSK\VLFDOSURSHUWLHVRIPDWHULDOV DWH[WUHPHFRQGLWLRQVKLJKSUHVVXUHDQGKLJK WHPSHUDWXUH KDYLQJ ODUJH
QXPEHURIDWRPV
,Q WKH SUHVHQW VWXG\ 0' VLPXODWLRQV DUH FDUULHG RXW WR FDOFXODWH WKH YDULRXV VWUXFWXUDO WKHUPRG\QDPLF DQG
PHFKDQLFDOSURSHUWLHVRI PRQROD\HUJUDSKHQHVKHHW ,QPROHFXODUG\QDPLFVWKHDFFXUDF\RI WKHSUHGLFWHGSURSHUWLHV
LVVWURQJO\GHSHQGLQJRQWKHDFFXUDF\RIWKHSRWHQWLDOXVHGLQWKHVLPXODWLRQ +HUHWKH LQWHUDFWLRQVEHWZHHQFDUERQ
DWRPVZHUH JRYHUQHG XVLQJD WXQHG 7HUVRII LQWHUDWRPLF SRWHQWLDO .LQDFL HWDO7KLVHPSLULFDO LQWHUDWRPLF
SRWHQWLDO LV PDLQO\ WXQHG IRU WKH FDOFXODWLRQ RI YDULRXV SK\VLFDO SURSHUWLHV RI K\EULG JUDSKHQH K%1 QDQR
VWUXFWXUHV
 0HWKRGRORJ\
0' VLPXODWLRQV XVLQJ DQ HPSLULFDO SRWHQWLDO SHUIRUPHG XVLQJ /$0036 /DUJH VFDOH $WRPLF0ROHFXODU
0DVVLYHO\ 3DUDOOHO 6LPXODWRU3OLPSWRQ LVDSRZHUIXOWRROIRUV\VWHPVFRQVLVWLQJRIODUJH QXPEHU RI DWRPV
6LPXODWLRQVZHUHSHUIRUPHGWRLQYHVWLJDWHWKH HTXLOLEULXPFRQILJXUDWLRQRI' KH[DJRQDOJUDSKHQHVKHHW LQLWLDOO\DW
URRPWHPSHUDWXUH 3HULRGLFERXQGDU\FRQGLWLRQV3%&ZDVXVHGLQWKHVLPXODWLRQSURFHGXUHDQGWKHJUDSKHQHVKHHW
FRQVLVWHG RI  DWRPV FRUUHVSRQGLQJ WR VLGHV /[  c DQG /\  c $V D ILUVW VWHS WR FRQWURO WKH
WHPSHUDWXUH 19( 197 DQG 137 HQVHPEOHV ZHUH DSSOLHG DORQJ ZLWK 1RVH+RRYHU WKHUPRVWDW LQ ZKLFK WKH
GDPSLQJWLPHZDVSUHVHWWR ĲW SVZKLFKZDVREWDLQHGWKURXJKV\VWHPDWLFWXQLQJ 7KH VWDQGDUG9HORFLW\9HUOHW
WLPHLQWHJUDWLRQDOJRULWKP ZDV XVHGIRUWKHVLPXODWLRQSURFHGXUHZLWKDWLPH VWHSǻW  IV$PRQJPDQ\DYDLODEOH
LQWHUDWRPLFSRWHQWLDOV7HUVRII 3RWHQWLDO7HUVRII LVRQHRIWKHPRVWVXFFHVVIXOHPSLULFDOSRWHQWLDOSUHIHUDEOH
IRU V\VWHPV FRQWDLQLQJ ODUJH QXPEHU RI DWRPV LQ ZKLFK WKH DWRPLF LQWHUDFWLRQV DQG WKHLU HPSLULFDO IXQFWLRQV
FRPSRVHG RI WZR ERG\ WHUPV GHSHQG RQ WKH ORFDO HQYLURQPHQW 7HUVRII SRWHQWLDO LV PRVWO\ VXFFHVVIXO LQ
VHPLFRQGXFWRUV VLQFH LW FDQ UHSURGXFH PDQ\ RI WKH SUHYDLOLQJ VHPLFRQGXFWLQJ SURSHUWLHV ,Q D 7HUVRII W\SH
SRWHQWLDO L DQG M DUHWZR QHLJKERXULQJ DWRPVWKHQWKHWRWDOHQHUJ\LVJLYHQE\
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+HUH 9 ULM LV WKH SRWHQWLDO HQHUJ\ RI WKH V\VWHP I5 DQG I$ DUH WKH UHSXOVLYH DQG DWWUDFWLYH SDLU SRWHQWLDOV
UHVSHFWLYHO\ I& LVWKHFXWRII IXQFWLRQ7KHVXPPDWLRQVLQWKHIRUPXODDUHRYHUDOOQHLJKERXUV M DQG N RIDWRP L ZLWKLQ
DFXW RII UDGLXV ULM LV WKHERQGGLVWDQFHEHWZHHQDWRPV L DQG M DQG ELM WHUP LV WKH PDQ\ERG\RUGHUSDUDPHWHU WKDW
GHVFULEHVKRZWKHERQGIRUPDWLRQHQHUJ\LVDIIHFWHGE\WKHORFDODWRPLF DUUDQJHPHQWGXHWRWKHSUHVHQFH RIRWKHU
QHLJKERXULQJDWRPV7KHQ
I5 ULM $LM ULM HȜLM ULM 
DQG I$ ULM %LM ULM HȜLM ULM 
,Q WKH SUHVHQW VWXG\ D WXQHG WHUVRII SRWHQWLDO KDV EHHQ XVHG WR LQYHVWLJDWH WKH YDULRXV VWUXFWXUDO DQG WKHUPR
PHFKDQLFDOSURSHUWLHVRIJUDSKHQHVKHHW7XQHGWHUVRII SRWHQWLDOSDUDPHWHUVIRU&&LQWHUDFWLRQLQFRPSDULVRQZLWK
WKHRULJLQDO WHUVRII SRWHQWLDO DUH LQGLFDWHG LQ WDEOH$OO RWKHU WHUVRII SDUDPHWHUV DUH VDPHDV WKHRULJLQDO WHUVRII
SRWHQWLDO 7KHWXQHGWHUVRIISRWHQWLDOSDUDPHWHUVXVHGLQWKHSUHVHQWVWXG\ LVPDLQO\GHYHORSHGIRUWKHVLPXODWLRQRI
OD\HUHGVWUXFWXUHVDWWHPSHUDWXUH7 .7KLVSURPSWHGXVWRFRQVLGHUWKHWUDQVIHUDELOLW\RIWKHSRWHQWLDODWYDULRXV
WHPSHUDWXUHV
7DEOH 7XQHGWHUVRIISRWHQWLDOSDUDPHWHUVIRU&XVHGLQWKLVVWXG\ LQFRPSDULVRQ
ZLWKWKHRULJLQDOWHUVRII SDUDPHWHUV
3UHVHQWVWXG\ 7HUVRII2ULJLQDO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 6WUXFWXUDO3URSHUWLHV
7KHHTXLOLEULXPODWWLFHSDUDPHWHURIJUDSKHQHLVREVHUYHGDVD ¥5   c 7KHQHDUHVW&&DWRPGLVWDQFH
LQJUDSKHQHLVREVHUYHGWREHcZKLOH LQWKHSUHVHQWVWXG\ WKHODWWLFHSDUDPHWHURI JUDSKHQHLVREVHUYHGWREH
 c,WKDVDWULDQJXODUODWWLFHFRQVLVWVRIWZREDVLVDWRPV SHUXQLWFHOO *HLP 
,QWKH SUHVHQWVWXG\WKHDYHUDJH FRKHVLYHHQHUJ\DWRPZDV REVHUYHGDV H9DQGWKHQHJDWLYHYDOXHVRI
WKHFRKHVLYH HQHUJ\UHVXOWLQJWKDWWKHVWUXFWXUH ZDVREVHUYHGWREH HQHUJHWLFDOO\VWDEOH 5HSRUWHG ODWWLFHSDUDPHWHURI
JUDSKHQHUHVXOWLQJ PLVPDWFK ZLWKODWWLFHSDUDPHWHU WKDWREWDLQHGLQ WKHSUHVHQWVWXG\ UHVXOWLQJWKDWWKH SRWHQWLDO
RYHUHVWLPDWHWKHYDOXH DQGWKLVFRQFOXVLRQLVFOHDUO\GHSLFWHGLQILJ
7DEOH9DULDWLRQLQ&RKHVLYH(QHUJ\RI0RQROD\HU*UDSKHQH6KHHW
0HWKRG &RKHVLYH (QHUJ\
H9DWRP
')7  6KLQHWDO
([SHULPHQWDO $XIUD\HWDO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)LJ &RKHVLYHHQHUJ\DVDIXQFWLRQRIODWWLFHSDUDPHWHU
)LJ JLYHV WKH FRKHVLYH HQHUJ\YHUVXV ODWWLFHSDUDPHWHU RI WKHPRQROD\HUJUDSKHQH VWUXFWXUH)URP WKH ILWWHG
SORW HTXLOLEULXP ODWWLFH SDUDPHWHU DV ZHOO DV WKH FRKHVLYH HQHUJ\ RI JUDSKHQH XVLQJ WXQHG 7HUVRII SRWHQWLDO LV
FDOFXODWHG 7DEOH  VKRZV WKH YDOXHV RI FRKHVLYH HQHUJ\ IURPYDULRXV VWXGLHV DVZHOO DV WKH SUHVHQW VWXG\ EHLQJ
WDEXODWHG
 7KHUPRG\QDPLF3URSHUWLHV
,QJHQHUDO WKHNLQHWLFHQHUJ\RIWKHDWRPVLQFUHDVHV ZKHQWKHWHPSHUDWXUHLQFUHDVHVDQGWKH LQFUHDVHG LQWHUDFWLRQ
EHWZHHQDWRPVFDXVHVDQHIIHFWLYHH[SDQVLRQRIWKHODWWLFH ,Q0ROHFXODU'\QDPLFV WKH PRWLRQRIDWRPV LV WUHDWHG
DV FODVVLFDOO\ DQG IRU JUDSKHQH TXDQWXP HIIHFWV DUH QHJOLJLEOH HYHQ DW URRP WHPSHUDWXUH +DR HW DO  IRU
DWRPLVWLF FDOFXODWLRQV 7KHUPDO H[SDQVLRQ LV D IXQGDPHQWDO SURSHUW\ RI DQ\ PDWHULDO DQG LV FDXVHG GXH WR WKH
DQKDUPRQLFLW\ RI ODWWLFH YLEUDWLRQV XSRQ KHDWLQJ0DWHULDO SRVVHVV ERWK SRVLWLYH DQG QHJDWLYH WKHUPDO H[SDQVLRQ
FRHIILFLHQW 7(&0DWHULDOVKDYLQJQHJDWLYH7(&KDYLQJ HQRUPRXV LQGXVWULDO DGYDQWDJHVGXH WR WKH IDFW WKDW WKH
WKHUPDOH[SDQVLRQRIWKHPDWHULDOVFDQEHFRQWUROOHG WRVRPHH[WHQW E\IRUPLQJFRPSRVLWHV ([SHULPHQWDOVWXGLHV
UHSRUWHGWKDWWKH7(&RIJUDSKHQHLVQHJDWLYHDQGLVGHFUHDVLQJLQWKHWHPSHUDWXUH .UHJLRQPHDVXUHGE\
XVLQJ5DPDQ6SHFWURVFRS\ <RRQHWDO
,Q0ROHFXODU'\QDPLFVVLPXODWLRQWKHOLQHDUWKHUPDOH[SDQVLRQFDQEHFDOFXODWHGXVLQJWKHHTXDWLRQ
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:KHUH D LVWKH ODWWLFHSDUDPHWHU+HUH E\FRQGXFWLQJWKHUHTXLVLWHVLPXODWLRQV WKHYDULDWLRQRIODWWLFHSDUDPHWHU
ZLWKWHPSHUDWXUHLQKH[DJRQDOJUDSKHQHVKHHWZDVVWXGLHGDQGLOOXVWUDWHGLQILJ
0HOWLQJ LV RQH RI WKH IXQGDPHQWDO REVHUYDWLRQ LQ VROLG VWDWH SK\VLFV ZKLFK OHDGV WR WKH SKDVH WUDQVLWLRQ RI
PDWHULDOV7KHRU\RIWKHUPRG\QDPLFVGHSLFWVDSKDVHWUDQVLWLRQFKDUDFWHULVHGE\DQDEUXSWFKDQJHLQWKHVORSHRIWKH
WRWDOHQHUJ\DJDLQVWWKHWHPSHUDWXUHFXUYH,QWKHSUHVHQWVWXG\WKHUHZDVREVHUYHGWREHQRDSSDUHQWSKDVHFKDQJH
LQWHPSHUDWXUHUDQJH.)LJVKRZVWKHYDULDWLRQRIWRWDOHQHUJ\ZLWKWHPSHUDWXUHLQJUDSKHQHVKHHW
493 Siby Thomas and K.M. Ajith /  Procedia Materials Science  5 ( 2014 )  489 – 498 
)LJ  9DULDWLRQRIWHPSHUDWXUHDVDIXQFWLRQRIUHODWLYH ODWWLFHSDUDPHWHU
)LJ  7KHWRWDOHQHUJ\SHUDWRPRIWKHV\VWHPDVDIXQFWLRQRI WHPSHUDWXUH
7KH FRHIILFLHQW RI WKHUPDO H[SDQVLRQ RI PRQROD\HU KH[DJRQDO JUDSKHQH VKHHW LV VWLOO D WRSLF RI GHEDWH
([SHULPHQWDO VWXGLHV RQ JUDSKHQH VKHHW IRXQG WKDW LW KDV D WKHUPDO H[SDQVLRQ FRHIILFLHQW 7(& RI î .
6LQJK HW DO  DQG î . %DR HW DO  DW . 7KH FRHIILFLHQW RI WKHUPDO H[SDQVLRQ XVLQJ QRQ
HTXLOLEULXP *UHHQ¶V IXQFWLRQ PHWKRG IRXQG WKDW WKH YDOXH LV YDULHV IURP î . WR î . DW KLJKHU
WHPSHUDWXUHV -LDQJHWDO  7KH7(&RIJUDSKHQHDVDIXQFWLRQRIWHPSHUDWXUHXVLQJ ILUVWSULQFLSOHVFDOFXODWLRQ
SUHGLFWHGWKDWJUDSKHQHKDVDQHJDWLYH7(& XSWR. 0RXQHWHWDO 7KHSUHVHQWVWXG\ JLYHVWKHQHJDWLYH
YDOXHVRI7(&DQG WKH QRQOLQHDUQDWXUHRIWKH 7(& LVREVHUYHGLQJUDSKHQHVKHHWVEHWZHHQ WHPSHUDWXUH UDQJHV 
 . 7KH QHJDWLYH WKHUPDO H[SDQVLRQ QDWXUH RI JUDSKHQH VKHHW EHORZ  . LV LQ ZHOO DJUHHPHQW ZLWK WKH
H[SHULPHQWDO VWXGLHV FRQGXFWHG XVLQJ 5DPDQ 6SHFWURVFRS\ <RRQ HW DO  7KH DYHUDJH WKHUPDO H[SDQVLRQ
FRHIILFLHQWRIJUDSKHQHVKHHWVWXGLHGXVLQJWXQHGWHUVRIISRWHQWLDOLV WDEXODWHG LQWDEOH
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7DEOH &RHIILFLHQW RIWKHUPDOH[SDQVLRQRI JUDSKHQH FDOFXODWHGDWYDULRXVWHPSHUDWXUHV
7HPSHUDWXUH. 7(&.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,QWKHSUHVHQWVWXG\DWKHUPDOFRQWUDFWLRQLVREVHUYHGLQWHPSHUDWXUHUDQJH.DQGDWKLJKHU WHPSHUDWXUHV
DQRQOLQHDU WKHUPDOH[SDQVLRQ LVREVHUYHG DVLOOXVWUDWHGLQILJ
)LJ7KHUPDOH[SDQVLRQ DVDIXQFWLRQ RIWHPSHUDWXUH LQJUDSKHQH EHWZHHQ .
$VREVHUYHGLQPDQ\HDUOLHUDWRPLVWLFVLPXODWLRQV)DVROLQRHWDOWKHWKHUPDOO\H[FLWHG ULSSOHVWKHRXWRI
SODQHPRWLRQRIDWRPVLQWKHVXUIDFHRIJUDSKHQHLVDOVRVHHQ LQWKHSUHVHQWVWXG\DQGLWVFRQQHFWLRQWRWKHWKHUPDO
FRQWUDFWLRQ KDV WR EH DQDO\VHG IXUWKHU :H QRWLFHG WKDW WKH KHLJKW RI WKH ULSSOHV LV GLUHFWO\ SURSRUWLRQDO WR WKH
WHPSHUDWXUHDVVKRZQLQWKHILJ
)LJ  D5LSSOHVDW.E5LSSOHVDW.
495 Siby Thomas and K.M. Ajith /  Procedia Materials Science  5 ( 2014 )  489 – 498 
,Q RUGHU WR REWDLQ WKH SDLU FRUUHODWLRQ IXQFWLRQ RU UDGLDO GLVWULEXWLRQ IXQFWLRQ JU DW GLIIHUHQW WHPSHUDWXUHV
SV DV WLPH VWHS KHDWLQJZDV SHUIRUPHG XVLQJ D1RVH+RRYHU WKHUPRVWDW JU IRU YDULRXV WHPSHUDWXUHV LV
SORWWHG LQ ILJ 7KHSDLUFRUUHODWLRQ IXQFWLRQJLYHV WKHQXPEHURIDWRPVIRXQG LQD UDGLXV U DQG UGU IURPDQ
DUELWUDU\ DWRPLQWKHJUDSKHQHVKHHW ,WLVREVHUYHGWKDWWKHSUREDELOLW\RIILQGLQJDFDUERQDWRPLQWKHYLFLQLW\RIWKH
UHIHUHQFHFDUERQDWRPLVGHFUHDVLQJZLWKLQFUHDVHLQWHPSHUDWXUH
)LJ 5DGLDOGLVWULEXWLRQIXQFWLRQVRIPRQROD\HUJUDSKHQHVKHHWDWGLIIHUHQWWHPSHUDWXUHV
 0HFKDQLFDO3URSHUWLHV
7KHH[WUDRUGLQDU\PHFKDQLFDOSURSHUWLHVRI*UDSKHQHZHUHUHSRUWHG/HHHWDOWKDWLWLVWKHKDUGHVWNQRZQ
PDWHULDODQGLWKDVDQHODVWLFPRGXOXVRI73DDQGLWVLQWULQVLFVWUHVVLVFDOFXODWHGE\XVLQJ$)0 QDQRLQGHQWDWLRQ
WHFKQLTXH DV*3D DW D VWUDLQ UDWH RI  7KHPHFKDQLFDO SURSHUWLHV RI JUDSKHQHKDYHEHHQ LQYHVWLJDWHG
H[WHQVLYHO\XVLQJERWKDWRPLVWLFVLPXODWLRQPHWKRGVDQGH[SHULPHQWV 0LQHWDO+HUHZHKDYHRSWLPLVHG
WKHHTXLOLEULXP ODWWLFHFRQVWDQW IRUPRQROD\HUJUDSKHQHE\PLQLPLVLQJ WKH WRWDO HQHUJ\DQG IRUFHVRI WKH V\VWHP
(YHQ WKRXJK WKH HODVWLF PRGXOL RI D KH[DJRQDO PRQROD\HU JUDSKHQH VKHHW LV FRPSDUDEOH WR KH[DJRQDO JUDSKLWH
FU\VWDO VLJQLILFDQW FKDQJHV KDV EHHQ UHSRUWHG LQ WKH FDVH RI<RXQJ¶VPRGXOXV DQG3RLVVRQ¶V UDWLR $UUR\R HW DO

,Q WKH SUHVHQW VWXG\ WKH LQYHVWLJDWLRQV RI WKH HODVWLF PRGXOL RI JUDSKHQH KDYH EHHQ SHUIRUPHG 7KH HODVWLF
FRQVWDQWVDUHH[WUDFWHGIURPWKHRSWLPLVHGVWUXFWXUHRIJUDSKHQHE\DSSO\LQJD XQLIRUPGHIRUPDWLRQWRWKHXQLWFHOO
,QJHQHUDOWKHKH[DJRQDO VWUXFWXUHVKDYH ILYHLQGHSHQGHQWHODVWLFFRQVWDQWV&&&& DQG& & DQG&
DUHFRUUHVSRQGVWRLQSODQHLVRWURSLFOLQHDUHODVWLFLW\ +HUH <RXQJ¶VPRGXOXVLV FDOFXODWHGXVLQJ
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7KH FDOFXODWHG YDOXHV RI HODVWLF FRQVWDQWV DUH SRVLWLYH DQG LW LQGLFDWHV WKH PHFKDQLFDO VWDELOLW\ RI JUDSKHQH
VWUXFWXUH 7KH HODVWLF EXON PRGXOXV . VKHDU PRGXOXV * <RXQJ¶V PRGXOXV ( DQG 3RLVVRQ¶V UDWLR Ȟ DUH
REVHUYHGDQGDUHLQJRRGDJUHHPHQWZLWKWKHUHSRUWHGYDOXHV$ FRPSDUDWLYHVWDWHPHQWRIWKHPHFKDQLFDOSURSHUWLHV
RIJUDSKHQHLVWDEXODWHGLQ7DEOH
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7DEOH(ODVWLFFRQVWDQWVRIJUDSKHQHFRPSDUHGWRRWKHUVWXGLHV
3UHVHQWVWXG\ 2WKHUVWXG\
ͳͳ ȋ
Ȍ  'DY\GRYHWDO 
ͳʹ ȋ
Ȍ
<RXQJ
VPRGXOXV( *3D
%XONPRGXOXV. *3D



 6KDRHWDO
/HHHWDO
0LORZVNDHWDO
3RLVVRQ
VUDWLR Ȟ
6KHDUPRGXOXV* *3D


 .XGLQHWDO
0LQHWDO
,QWKHSUHVHQWVWXG\WKHVWUHVVVWUDLQUHODWLRQIRUJUDSKHQHLVREVHUYHGXQGHUKRPRJHQHRXVGHIRUPDWLRQ+HUHWKH
QDWXUHRIWKHVWUHVVVWUDLQ JUDSK LVFDOFXODWHG E\DSSO\LQJVWUDLQUDWHRIIVcDORQJWKHDUPFKDLUGLUHFWLRQ7KH
V\VWHP LVIXOO\UHOD[HG DW.EHIRUHORDGLQJDQGD QRQOLQHDUEHKDYLRXU H[KLELWVWKHVWUHVVVWUDLQJUDSK
)LJVKRZVWKH6WUHVV 6WUDLQ UHODWLRQ RI WKH PRQROD\HUJUDSKHQHVKHHW ZKLOHDSSO\LQJDVWUDLQLQWKH DUPFKDLU
GLUHFWLRQ DW WKH HODVWLF ORDGLQJVWDJHWKHVWUHVV DOVRLQFUHDVHV PRQRWRQLFDOO\ IROORZHGE\DVXGGHQGURS DW WKH\LHOG
SRLQW DQGWKHQDWXUHRIWKHVWUHVVVWUDLQ JUDSK LVZHOO DJUHHPHQW ZLWKWKHREVHUYDWLRQVUHSRUWHGE\0'6LPXODWLRQV
&DGHODQRHWDO
)LJ  6WUHVV6WUDLQFXUYHRI D PRQROD\HUJUDSKHQHVKHHW
 6XPPDU\DQG &RQFOXVLRQ
,Q WKH SUHVHQW VWXG\ D ODUJH VFDOH DWRPLVWLF VLPXODWLRQ XVLQJ 0ROHFXODU '\QDPLFV VLPXODWLRQV KDV EHHQ
SHUIRUPHG IRU WKH FDOFXODWLRQ RI WKH VWUXFWXUDO DQG WKHUPRPHFKDQLFDO SURSHUWLHV RI PRQROD\HU JUDSKHQH VKHHW
7XQHG LQWHUDWRPLF WHUVRIISRWHQWLDOKDVEHHQXVHGIRU WKHVLPXODWLRQV7KHREWDLQHG UHVXOWVDUH LQJRRGDJUHHPHQW
ZLWK WKH SXEOLVKHG H[SHULPHQWDO DQG WKHRUHWLFDO GDWD 9DOLGDWLRQ RI WKH UHVXOWV JLYHQ E\ WKH SRWHQWLDO SURYHG LWV
UHOLDELOLW\ DQGWUDQVIHUDELOLW\ 7KHFRHIILFLHQWRIWKHUPDOH[SDQVLRQ RI PRQROD\HUKH[DJRQDOJUDSKHQHVKHHW LV VWLOOD
WRSLF RIGHEDWH DQGLQWKHSUHVHQW VWXG\ WKH YDOXHRI QHJDWLYHWKHUPDOH[SDQVLRQRI JUDSKHQHVKHHW EHORZ.LV
REVHUYHG 7KH SRWHQWLDO HPSOR\HG LQ WKLV VWXG\ FDQ EH XVHG WR GHVFULEH WKH PHFKDQLFDO UHVSRQVH RI PRQROD\HU
JUDSKHQH VKHHW 7KH ULSSOH IRUPDWLRQ LQ JUDSKHQH PD\ DIIHFW LWV PHFKDQLFDO SURSHUWLHV ZKLFK QHHG IXUWKHU
LQYHVWLJDWLRQ RQWKLVWRSLF 7KHVHUHVXOWVPD\LQIOXHQFHWKHSHUIRUPDQFHRIWKLVPDWHULDOLQ WKHDSSOLFDWLRQSRLQWRI
YLHZ
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$FNQRZOHGJHPHQW
7KH DXWKRUV H[SUHVV WKHLU JUDWLWXGH WR 0 & 9DOVDNXPDU 6FKRRO RI (QJLQHHULQJ 6FLHQFH 8QLYHUVLW\ RI
+\GHUDEDGIRU WKHFRQVWUXFWLYH GLVFXVVLRQV HQFRXUDJHPHQWDQGFRQVWDQWVXSSRUW 7KH UROHRI FRPSXWLQJIDFLOLW\ RI
,8$&'HOKLLVDFNQRZOHGJHG
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